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White blood cellsA static bioassay experiment was conducted by exposing Clarias gariepinus to 200 mg/L and 400m/L of MC-
LR solutions for 14 days and 28 days to assess the haematological impacts such as estimation of red blood
cells, white blood cell and Thrombocytes, haemoglobin percentage, haematocrit, and percentage changes.
A dramatic reduction was observed in the RBCs in both experimental cases after 28 days; which can be
attributed to haemolysis. Result showed significant impact of MC-LR on RBCs counts on duration
(28 days) basis; regardless of the concentrations. The PCV after 28 days was significantly lower than that
observed after 14 days, which was also significantly lower than that observed in the control set-up. The
concentrations; particularly 400 mg/L MC-LR exerted significant stress on the fish. A general temporal
increase was recorded in the total count of WBCs in both experimental cases. Results showed that MC-
LR; particularly 400 mg/L caused significant haematological disruptions in the C. gariepinus, especially
after 28 days of exposure i.e. 400 mg/L (28 days) > 400 mg/L (14 days) > 200 mg/L (28 days) > 200 mg/L
(14 days). Due to the fact that natural aquatic ecosystems affected with algal bloom contain concentra-
tions of MC-LR higher than the experimented levels, aquatic biota in affected water bodies are liable to
suffer worse consequences than those observed in this experiment. This necessitates proactive measures
on susceptible water bodies in order to forestall liable debilitating effects on the aquatic biota.
 2017 Beni-Suef University. Production and hosting by Elsevier B.V. This is an open access article under
the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
Cyanobacteria (blue-green algae) thrive in nutrient rich and
warm water bodies. Of recent, this algae has gained a lot of
scientific research attention due to the fact that its bloom has been
associated with myriads of health and ecological concerns. The
algae contains cells which produce biotoxins. Among all the
biotoxins produced by blue-green algae, Microcystins (mainly pro-
duced byMicrocystis aeruginosa) have the highest eco-toxicological
significance (Witeska, 2003). Sadly, extensive studies have shown
that aquatic biota have high affinity for water containing strains
of microcystis cells. The implication is that the biotoxin; which
appears to be a part of aquatic biota diet (Bowen, 1982;
Beveridge et al., 1993; Lopez and Costas, 1999; Mohamed and
Carmichael, 2003; Stewart et al., 2008) is deleterious to the con-
sumers. Further worrisome is the fact that Microcystins are very
stable; because they are not broken down under atmospheric
conditions (OEHHA, 2009).
Microcystin-LR (MC-LR) is the most toxic and most abundant of
all Microcystin congeners; hence has attracted the highest ecotox-
icological attention (OEHHA, 2009). While some schools of thought
posit that microcystins are actually carcinogenic (IARC, 2006),some other experts have demonstrated experiments to show that
microcystins are tumor promoters i.e. they are not carcinogenic
but agents that stimulate the proliferation of cancerous cells
(OEHHA, 2009). However, neither direct nor in-direct carcinogenic-
ity negates their ecotoxicological significance. MC-LR can be
classified as a hepatotoxin i.e. they inflict damages mainly on the
liver through inhibition of protein phosphatase 1 and 2A, thereby
increasing protein phosphorylation, ultimately resulting in necro-
sis and compromised liver architectural integrity (Malbrouck and
Kestemont, 2006), apoptosis and intrahepatic hemorrhage
(Hooser et al., 1989; Carmichael, 1994; Fawell et al., 1994;
Hooser, 2000). Furthermore, the occurrence of microcystin has
been associated with myriads of catastrophes ranging from hepa-
totoxicity to high death tolls; even in humans (Azevedo et al.,
2002). For example, high incidences of liver cancer recoded in
some settlements have been traced to mycrocystin-invaded rivers
(Fawell et al., 1994). However, other studies have also demon-
strated high toxicity of MC-LR to other organs than the liver. For
example, Carps exposed to MC-LR elicited sever damage to renal
proximal tubular cells and hepatocytes (Fawell et al., 1994). Severe
liver damages were observed in juvenile carps exposed to 400 mg/kg
body weight (b.w.) (Fischer and Dietrich, 2000), 40 mg/kg b.w. in
adult carp (Carbis et al., 1996) and 4400 mg/kg b.w. in trouts
(Wiegand and Pflugmacher, 2005). Damages to other organs i.e.
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been recorded.
Water quality is a determining factor to the heath of fish; hence
dynamics of fish populations (Rose et al., 1993). Therefore water
bodies deserve relentless biomonitoring for perpetual aquatic
ecosystem sustainability assurance. Bioassay experiments are so
far one of the most viable tools in toxicity assessment of xenobi-
otics (Oshode et al., 2008). While haematological parameters are
standard sine qua non in determining the sub-lethal concentra-
tions of xenobiotics in fish (Witeska, 2003); which are the indices
of their health status (Oshode et al., 2008). Differential count of
blood cells is a reliable haematological index in studying the
anthropogenic perturbations on aquatic environmental conditions
(Goger and Sawant, 1989). Extensively, fish haematological param-
eters are often determined as an index of their health status
(Oshode et al., 2008). There is dearth information on the haemoto-
logical effects of microcystins on fish. Although there has been
enormous research efforts on the oxidative stress of microcystin
exposed fish species (Jos et al., 2005; Isibor, 2017). Fish haemato-
logical studies of other toxicants have been profoundly promising
(Aguigwo, 1998; Maheswaran et al., 2008), hence MC-LR does
not appear to be an exception. Previous studies of red blood cell
(RBC) of fish exposed to some heavy metals have indicated anemia.
Interestingly, in some cases, particularly after short exposures,
blood parameters such as haematocrit, RBC, mean corpuscular
volume, and haemoglobin percentage declined substantially
(Dethloff et al., 1999). The toxic stress and haematological effects
of copper, lead, mercury and cadmium on the hematology
of C. gariepinus have been enormously reported (Kori-Siakpere
and Egor, 1999; Rogers et al., 2003; Kori-Siakpere et al., 2006;
Maheswaran et al., 2008).
C. gariepinus has a very high commercial value in Africa; partic-
ularly in Nigeria. It remains the best choice of commercial fishing
farms due to its toughness and relatively fast growth rate; hence
appreciable cultivability. C. gariepinus cultivation contributes
about 17% of over 6000 tonnes of annual fish production from all
fisheries sectors in Africa (Awachie and Ezenwaji, 1998).
The present study was undertaken to evaluate some haemato-
logical effects resulting from the exposure of C. gariepinus to
sublethal concentrations of MC-LR. The resulting data could be a
useful tool in ameliorating the morbidity of MC-LR to fish
population.2. Material and methods
A static bioassay experiment was conducted for 14 and 28 days
using Clarias gariepinus as test organisms. This was done in order to
study the toxicity of MC-LR at concentrations of 200 mg/L and
400 mg/L on the fish.2.1. Acclimatization of Clarias gariepinus
Healthy specimens of C. gariepinus were obtained from a viable
fish farm within Ikpoba-Okha Local Government Area of Edo State,
Nigeria. C. gariepinus was chosen for the study due to its ability to
withstand stress and its high commercial value in Nigeria. A pre-
liminary check was done on the health status of the fish to ascer-
tain good general health conditions. Gender discrimination was
avoided during selection of the fish to be recruited for the experi-
ment. Afterwards, the screened individuals were acclimatized for
2 weeks in 3 different glass aquaria (60  48  48) cm3 containing
96 L of non-chlorinated freshwater. Eight fish individuals were
released into each aquarium. During the period of the acclimatiza-
tion they were fed with artificial feed and ground shrimps har-
vested from an unperturbed section of Osse River, Ovia NorthEast Local Government Area of Edo State, Nigeria. The size of the
fish varied from 22.5–32.6 cm in standard length and 55.2–96.4 g
in weight. Water in the aquaria was changed 24 hourly with
uninterrupted aeration and photoperiod of 12–12 h light-dark
cycle. The physico-chemistry of the water was maintained at tem-
perature of 27 ± 2 C, dissolved oxygen of 7.5 ± 0.6 mg/L and the
hydrogen ion concentration (pH = 8) employing Electric Probe
Hydro-lab water quality meter (HANNA HI 9813 GRO).
2.2. Microcystis aeruginosa collection and MC-LR extraction
With the aid of a plankton net (20 mm mesh size) algal samples
were collected from the surface of an algae-invaded section of
Jemaison River in Delta State, Nigeria. 250 ml dark bottles with lids
were properly rinsed with distilled water and used to collect algal
samples and then kept in a cooler. They were then transported
immediately to the laboratory for analysis.
In the laboratory, culture of the algal samples were centrifuged
in the 250 ml bottles; in batches at 3500 rpm for 2 h to concentrate
the algal cells into a pellet. The cell pellet was then lyophilized for
48 h using a freeze-dry system (Xie et al., 2005; Rinta-Kanto and
Wilhelm, 2006). The lyophilized cells were extracted three times
with 10 ml 0.1 M acetic acid and 20 ml of a mixture of methanol:
chloroform (1:1 v/v). The cell suspension was sonicated in an ultra-
sound bath for 15 min, then stirred for 30 min at room tempera-
ture, and then centrifuged again at 4500 rpm for 15 min. Over
90% of MC-LR was identified in the cyanobacterial cell extracts
analyzed using a Varian 9012 equipped with a Varian ProStar
330 Diode Array Detector. Solutions for MC-LR treatments were
prepared for the aquariums by dissolving 1 mg of MC-LR in
0.5 ml ethanol and diluting to 200 and 400 mg/L using aquarium
water. The concentration of ethanol in all treatments was 0.05%,
and a treatment of 0.05% ethanol was used as a vehicle control
while aquarium water was the negative control.
2.3. Exposure of Clarias gariepinus to MC-LR
Using the method demonstrated by Pandey et al. (2005), the
calculated LC50 of MC-LR for the fish was estimated to be
1200 mg/L in 12 days. Feeding was discontinued on commence-
ment of the experimental regime. 8 replicates of C. gariepinus were
kept separately in three 96 L capacity aquaria. The first contained
non-chlorinated freshwater, the second contained 200 mg/L MC-
LR solution while the third contained 400 mg/L MC-LR solution.
After 14 days, 4 replicates were collected from each aquarium for
comparative haematological analysis. The remaining 4 individuals
were collected from the aquaria after 28 days for further analysis.
2.4. Haematological analysis
Blood samples were collected from both the control and
experimental fish retrieved after 14 and 28 days. The blood
samples were taken by puncturing the posterior caudal vein using
ethylenediamine tetra acetate (EDTA) as anticoagulant (Rose et al.,
1993). 2 ml of blood sample was decanted in heparinzed bottles for
determination of blood parameters. The microhaematocrit method
described by Snieszko (1960) was used to determine the packed
cell volume (PCV/ haematocrit). Haemoglobin concentration was
measured with Haemoglobin test kit using the cyanmethe-
moglobin method (Kori-Siakpere and Egor, 1999). Blood samples
were diluted with 0.85% NaCl solution i.e. 1 (blood): 5 (NaCl
solution). Blood cells were counted within 5 of 25 chambers of a
Neubauer haemocytometer and the mean value was calculated
(Goger and Sawant, 1989; Schmitt et al., 1999). The counting was
done under an Olympus Vanox Research Microscope (Mag 60),
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lated using standard formula as described by Jain (1986).
2.5. Statistical analysis
Experimental data and those of control were statistically ana-
lyzed by means of analysis of variance (ANOVA) using the
mean ± standard error. Significance was set at P < 0.05. All analysis
was performed using SPSS software (version 13.0).
Total blood cells in blood sample ¼ C
N V
V2
V1
where C = number of cells counted, N = number of chambers
counted, volume of chambers, V2 = volume of diluted sample,
V1 = volume of original sample.Percentage change in blood parame-
ters was calculated thus;
% Change ¼ New value Initial value
Initial value
 1003. Results and discussion
3.1. Haematological analysis
The total count of Red Blood Cells (RBCs) observed in the both
experimental (200 and 400 mg/L) C. gariepinus after 14 days was
significantly higher than that of the control; which was signifi-
cantly higher than that exposed for 28 days (P < 0.05). On the
14th day, the RBC count increased to 11.3 ± 0.32106 mm3 of
blood in fish exposed to 200 mg/L MC-LR, while it increased to
13.2 ± 0.12106 mm3 of blood in those exposed to 400 mg/L, com-
pared to 9.2 ± 0.31106 mm3 of blood in control (Fig. 1). After
28 days, the total RBCs count had dropped drastically to
6.7 ± 0.62 and 7.1 ± 0.87106 mm3 of blood in the 200 and
400 mg/L experiments respectively. This implies that both doses
earlier stimulated proliferation of RBCs which later reduced dra-
matically. The dramatic reduction of the RBCs in both experimental
cases after 28 days can be attributed to haemolysis. Result showed
that duration (28 days) of exposure had significant impacts on the
total count of RBCs; regardless of the concentrations of MC-LR.
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Fig. 1. RBC count of C. gariepinus exposed to different concentrations of MC-LR fobreathing lungfish (Heteropneustes fossilis) exposed to urea; on
duration and concentration basis. Similar upward trend (after
7 days), followed by a downward trend (after 14 days) was
observed in the RBC count of urea-exposed Heteropneustes fossilis.
However, the current observation is at variance with that of
urea-exposed H. fossilis in terms of haemoglobin percentage i.e.
an upward trend was observed with increased concentration and
exposure duration (Maheswaran et al., 2008). Insignificant change
in haemoglobin percentage on concentration and duration basis
(Fig. 2) in the current study is at variance with the findings of
Maheswaran et al. (2008). The coincidence between a drastic drop
in RBCs and insignificant change in haemoglobin percentage can be
attributed to the destruction of the RBCs by MC-LR; thereby releas-
ing the haemoglobin, culminating in reduction of the former and
stability in the concentration of the latter.
As for the analysis of the haematocrit (PCV) of the experimental
fish (Fig. 3), evidences of anaemia were apparent on concentration
and exposure duration basis; only in fish exposed to 400 mg/L.
There was a significant reduction in the packed cell volume in
the fish exposed to 200 mg/L of MC-LR after 14 and 28 days. As
for those exposed to 400 mg/L, the PCV after 28 days was signifi-
cantly lower than that observed after 14 days, which was also sig-
nificantly lower than that observed in the control fish. The
concentrations; particularly 400 mg/L MC-LR significant stress on
the fish physiology. This implies that a water body containing
MC-LR concentration as high as the illustrated concentrations are
liable to disrupt the physiological equilibrium of the biota therein.
This result conforms to the trend of haematocrit observed in
Oreochromis niloticus exposed to sub-lethal concentrations of alu-
minium (Bhagwan and Bhikajee, 2000) and that observed in
nickel-exposed C. gariepinus fingerlings (OEHHA, 2009).
A general temporal increase in WBCs count was recorded in
both experimental cases (Figs. 4 and 5). After 14 days of exposure
to MC-LR (Fig. 2), significant increases were recorded in the
Eosinophils (200 and 400 mg/L), Manocytes (200 and 400 mg/L),
Neutrophils (400 mg/L) and Thrombocytes (400 mg/L). This is an
indication that there was a significant response of the immune sys-
tem of the C. gariepinus after 14 days of exposure; particularly to
400 mg/L MC-LR. The total count of WBCs ranged from a minimum
of 17.5109 mm3 (Lymphocytes) to maximum of 44.2109 mm3
(Neutrophils) in the 14 days exposure, while the range was14 Days 
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Fig. 2. Haemoglobin percentage of C. gariepinus exposed to different concentrations of MC-LR for 14 days and 28 days. Sample size = 4.
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Fig. 3. Haematocrit (PCV) of C. gariepinus exposed to different concentrations of MC-LR for 14 days and 28 days. * = significant difference at P < 0.05. Sample size = 4.
Fig. 4. WBCs count of C. gariepinus exposed to different concentrations of MC-LR for 14 days. * = significant difference at P < 0.05. Sample size = 4.
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Table 1
Percentage change (increase or decrease) in blood parameters on concentration and
duration basis.
Parameters 200 mg/L MC-LR 400 mg/L MC-LR
14 days 28 days 14 days 28 days
Haemoglobin %age 2.1 23.4 9.4 5.6
Red blood cells 22.8 27 43.5 19.1
PCV 20.1 27.3 32.6 51.4*
Lymphocytes 19 68.2* 14.3 54.5*
Heterophils 3.1 3.1 31.3 31.3
Eosinophils 45.5 54.5* 81.8* 100*
Basophils 57.1* 95.2* 147.6** 242.9**
Monocytes 47.4 166.7** 109.5** 283.3**
Neutrophils 60.9* 136.4** 134.8** 222.7**
Thrombocytes 6.3 28.6 18.8 85.7*
Values are presented in Percentage (%). *= 50–100%; represents significant increase,
while ** = >100%; represents highly significant increase.
Fig. 5. WBCs count of C. gariepinus exposed to different concentrations of MC-LR for 28 days. * = significant difference at P < 0.05. Sample size = 4.
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28 days exposure. The temporal heterogeneity of immune
response in the fish conforms to the results obtained in the analysis
of the RBCs count.
After 28 days, significant differences occurred in the counts of
Basophils, Manocytes and Neutrophils between the 200 mg/L and
400m/L experimental fishes (Fig. 3). Generally, significant increases
were recorded in the counts of Basophils (400 mg/L), Manocytes
(400 mg/L), Neutrophils (400 mg/L), and Thrombocytes (200 and
400 mg/L); which were all significantly higher than the Basophils
(200 mg/L), Manocytes (200 mg/L) and Neutrophils (200 mg/L);
which were higher than the rest experimental cases (P < 0.05). This
indicates that 400 mg/L of MC-LR had most significant impacts on
the immune system after 28 days in all the cases, except in the case
of the Thrombocytes; where 200 mg/L exposure triggered signifi-
cant response. Increase in exposure duration and concentration
was accompanied by increase in eosinophils, basophils, monocytes
and neutrohpils in zinc-exposed C. gariepinus and O. niloticus
(Annune et al., 1994), copper-exposed Oncorhynchus mykiss
(Vosyliene, 1996), mercuric chloride-exposed Clarias batradrus
(Maheswaran et al., 2008), and urea-exposed Heteropneustes fossilis
(Maitra and Nath, 2014); to mention a few.
The graphical results only represent an illustration of the sce-
nario at a glance. The variations in the blood parameters in
response to exposure to MC-LR; in both concentrations and dura-
tion perspectives are a vital tool in assessment of the actual level
of stress inflicted on the subject fish. There is need for a baseline
information on the extents of impacts different concentrations
and durations of exposure to MC-LR has on the haematological
equilibrium of the fish. Extrapolations from these facts hold
insights to corresponding trends in higher or lower case scenarios
in aquatic systems. The need for haematological extrapolations
therefore necessitates actual percentage changes in these haema-
tological indices.
In the fish exposed to 200 mg/L MC-LR, significant percentage
increases were observed in the Basophils (57.1%) and Neutrophils
(60.9%) after 14 days of exposure. After 28 days of exposure to
the same concentration, significant percentage increases were
observed in the Lymphocytes (68.2%), Eosinopils (54.5%) and
Basophils (95.2%). These recorded significant differences are indi-
cations of stimulation of the immune system by MC-LR (Table 1);
hence empirical evidences of stress in the fish. Furthermore, highly
significant percentage increases observed in the Monocytes
(166.7%) and Neutrophils (136.4%) of fish exposed to 200 mg/L for28 days are indications that the MC-LR toxicity is directly propor-
tional to the duration of exposure (Maitra and Nath, 2014).
On the other hand, fish in the aquarium containing 400 mg/L
MC-LR elicited significant percentage increase in eosinophils
(81.8%), while highly significant increases were observed in the
monocytes (109.5%), basophils (147.6%) and neutrophils (134.8%)
after 14 days of exposure. On the basis of 28 days exposure to
400 mg/L, significant percentage increases were observed in the
lymphocytes (54.5%), eosinophils (100%) and Thrombocytes
(87%). While highly significant increases occurred in the basophils
(242.9%), monocytes (283.3%), and neutrophils (222.7%). Exposure
to biotoxins generally culminate in increase leucocytes; a condi-
tion of stress referred to as leukemia. Similar haematological
observations occurred in fish exposed to organophosphorous
insecticides (Vasait and Patil, 2005), copper (Singh et al., 2008),
phenol (Patnaik and Patra, 2006; Swift, 1978) and urea (Maitra
and Nath, 2014).
It is noteworthy that there was a significant percentage
decrease in PCV (-51.4) of the 400 mg/l experimental fish after
28 days. The results of this study is at variance with the significant
increase in RBC count observed in zinc-exposed Clarias gariepinus
(Annune et al., 1994). Variability of results in these different stud-
ies can be attributed to species-specificity and toxicant-specificity
(Ololade and Oginni, 2010).
Results showed that MC-LR; particularly 400 mg/L caused signif-
icant haematological disruptions in C. gariepinus, especially after
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> 200 mg/L (28 days) > 200 mg/L (14 days). In previous study, MC-
LR elicited disrupted hatching, developmental malformations and
liver damage in embryo and larvae of carp, trout, and zebra fish
(Malbrouck and Kestemont, 2006). Immune response of Tilapia fish
to MC-LR in a time-dependent manner has also been documented
earlier (Jos et al., 2005).
Besides the haematological perturbations microcystins inflict
on biota, a major worrisome fact is that microcystins may also be
bioaccumulated along food chain; up the pyramid of biomass,
through alimentation. Fishes are at a relatively higher risk due to
the fact that they are at the top of aquatic food chain and gather
up the loads of the biotoxin from all organisms at their lower
trophic level. As a result, fish in an aquatic environment affected
with microcytins stand a chance of accumulating microcytins
higher than the levels adopted in this experiment and humans
who consume such fish stand even higher exposure chances. Any
River diagnosed to have concentration of microcytins up to
400 mg/L requires an urgent attention. However, results of this
research might not be replicable in other species as previous find-
ings have shown high variability. This therefore necessitates deter-
ministic research on the bioaccumulation factors (octanol/water
partition coefficients) in the tissues of edible fish species.4. Conclusion
Microcystin-LR of 400 mg/L, followed by 200 mg/L inflicted
observable haematological disruptions in C. gariepinus for the peri-
ods of exposure. Often cases natural aquatic ecosystems affected
with algal bloom contain concentrations of MC-LR higher than
the experimented levels (OEHHA, 2009). This is a prognostic of
worse consequences in natural scenarios than the observations in
this experiment. This therefore necessitates immediate remedial
measures on affected water bodies in order to forestall liable debil-
itating sub-lethal effects on the aquatic biota.
Conflicting interests
No conflicting interests exist.References
Aguigwo, J.N., 1998. Studies on acute toxicity of Cassava leaf extracts on African
catfish Clarias angullaris. J. Aquat. Sci. 13, 29–32.
Annune, P.A., Lyaniwura, T.T., Ebele, S.O., Olademeji, A.A., 1994. Effects of sublethal
concentrations of zinc on haematological parameters of water fishes. Clarias
gariepinus (Burchell) and Oreochromis niloticus (Trewawas). J. Aquat. Sci. 9, 1–6.
Awachie, J.B.E., Ezenwaji, H.M.G., 1998. The importance of Clarias species in the
fishery development of Anambra river basin, Nigeria. CIFA Technol. 8, 212–224.
Azevedo, S.M.F.O., Carmichael, W.W., Jochimen, E.M., Rinehart, K.L., Shaw, G.R.,
Eaglseham, G.K., 2002. Human intoxication by microcystins during renal
dialysis treatment in Caruaru- Brazil. Toxicology 181, 441–446.
Bes, J.H., Eddy, F.B., Codd, G.A., 2001. Effects of purified microcystin-LR and cell
extracts of Microcistis strains PCC 7813 and CYA 43 on cardiac function in
brown trout (Salmo trutta) alevine. Fish Physiol. Biochem. 24, 171–178.
Beveridge, M.C.M., Baird, D.J., Rahmatullah, S.M., Lawton, L.A., Beattie, K.A., Codd, G.
A., 1993. Grazing rates on toxic and nontoxic strains of cyanobacteria by
Hypophthalmichthys molitrix and Oreochromis niloticus. J. Fish Biol. 43, 901–907.
Bhagwan, S., Bhikajee, M., 2000. Induction of hypochromic macrocytic anaemic in
Oreochromis hybrid (Cichlidea) exposed to 100 mg/l (Sublethal dose) of
aluminium. J. Sci. Technol. 5, 10–20.
Bowen, S.H., 1982. Feeding and digestion and growth-qualitative considerations. In:
Pullin, R.S.V., Lowe-McConnell, R.H. (Eds.), The Biology and Culture of Tilapias.
International Center for Living Aquatic Resources Management (ICLARM),
Manila, pp. 141–156.
Bury, N.R., Eddy, F.B., Codd, G.A., 1995. The effects of the cyanobacterium
Microcystis aeruginosa, the cyanobacterial hepatotoxin microcystin-LR, and
ammonia on growth rate and ionic regulation of brown trout. J. Fish Biol. 46 (6),
1042–1054.
Carbis, C., Rawlin, G., Mitchell, G., Anderson, J., McCauley, I., 1996. The
histopathology of carp, Cyprinus carpio L., exposed to microcystin by gavage,
immersion and intraperitoneal administration. J. Fish Dis. 19 (2), 151–159.Carmichael, W.W., 1994. The toxins of cyanobacteria. Sci. Am. 270, 78–86.
Dethloff, G.M., Schlenk, D., Khan, S., Bailey, H.C., 1999. The effects of copper on blood
and biochemical parameters of rainbow trout (Oncorhynchus mykiss). Arch.
Environ. Contam. Toxicol. 36, 415–423.
Fawell, J.K., James, C.P., James, H.A., 1994. Toxins From Blue-Green Algae:
Toxicological Assessment of Microcystin-LR and a Method for Its
Determination in Water. Water Research Centre, Medmenham, UK, p. 46.
Fischer, W.J., Dietrich, D.R., 2000. Pathological and biochemical characterization of
microcystin-induced hepatopancreas and kidney damage in carp (Cyprinus
carpio). Toxicol. Appl. Pharmacol. 164, 73–81.
Goger, M., Sawant, V., 1989. Hematological changes during uranylnitrate induced
acute toxicity. Effect of sodium loading. J. Environ. Biol. 10 (1), 35–41.
Hooser, S.B., 2000. Fulminant hepatocyte apoptosis in vivo following microcystin-LR
administration to rats. Toxicol. Pathol. 28, 726–733.
Hooser, S.B., Beasley, V.R., Lovell, R.A., Carmichael, W.W., Haschek, W.M., 1989.
Toxicity of microcystin LR, a cyclic heptapeptide hepatotoxin from Microcystis
aeruginosa, to rats and mice. Vet. Pathol. 26, 246–252.
International Agency for Research on Cancer (IARC), 2006. Ingested nitrates and
nitrites, and cyanobacterial peptide toxins.
Isibor, P.O., 2017. Oxidative stress biomarkers in Clarias gariepinus (Burchel, 1822)
exposed to Microcystin-LR. Beni-Suef University Journal of Basic and Applied
Sciences 6, 69–76. http://dx.doi.org/10.1016/j.bjbas.2017.01.005.
Jain, N.C., 1986. Schalm‘s Veterinary Heamatology. Lea and Febiger, Philadelphia, p.
1221.
Jos, A., Picardo, S., Prieto, A.I., Repetto, G., Vazquez, C.M., Monero, I., Camean, A.M.,
2005. Toxic cyanobacterial cells containing microcystins induce oxidative stress
in exposed tilapia fish (Oreochromis sp.) under laboratory conditions. Aquat.
Toxicol. 72, 261–271.
Kori-Siakpere, O., Ake, J.E.G., Avworo, U.M., 2006. Sub-lethal effects of some selected
haematological parameters of Heteroclarias (A hybrid of Heterobranchus
bidorsalis and Clarias gariepinus). Int. J. Zool. Res. 2, 77–83.
Kori-Siakpere, O., Egor, V.E., 1999. Haematological characteristics of African
mudfish. Clarias buthupogon. (Pisces: Clariidae). Bull. Sci. Assoc. Niger. 21,
177–185.
Lopez, R.V., Costas, E., 1999. Preference of mice to consume Microcystis aeruginosa
(toxin-producing cyanobacteria): a possible explanation for numerous fatalities
of livestock and wildlife. Res. Vet. Sci. 67 (1), 107–110.
Maheswaran, R., Devapanl, A., Muralidharan, S., Velmurugan, B., Ignaeimuthu, S.,
2008. Haematological studies of fresh water fish, Clarias batradrus (L) exposed
to mercuric chloride. IJIB 2 (1), 49–54.
Maitra, S., Nath, S., 2014. Toxic impacts of urea on the hematological parameters of
air breathing fish heteropneustes fossils (Bloch). Am. Eurasian J. Agric. Environ.
Sci. 14 (4), 336–342.
Malbrouck, C., Kestemont, P., 2006. Effects of microcystins on fish. Environ. Toxicol.
Chem. 25 (1), 72–86.
Mohamed, Z.A., Carmichael, W.W., Hussein, A.A., 2003. Estimation of microcystins
in the freshwater fish Oreochromis niloticus in an Egyptian fish farm containing a
Microcystis bloom. Environ. Toxicol. 18, 137–141.
Office of Environmental Health Hazard Assessment (OEHHA), 2009. Microcystins: A
Brief Overview of their Toxicity and Effects, with Special Reference to Fish,
Wildlife, and Livestock. Department of Water Resources Agency, California
Environmental Protection Agency. pp. 17.
Ololade, A.I., Oginni, O., 2010. Toxic stress and hematological effects of nickel on
African catfish, Claria gariepinus fingerlings. J. Environ. Chem. Ecotoxicol. 2 (2),
014–019.
Oshode, O.A., Bakare, A.A., Adeogun, A.O., Efuntoye, M.O., Sowunmi, A.A., 2008.
Ecotoxicological assessment using Clarias gariepius and microbial
characterization of leachate from municipal solid waste landfill. Int. J.
Environ. Res. 2 (4), 391–400.
Pandey, S.R., Sharma, S., Naghpure, N.S., Srivasta, S.K., Verma, M.S., 2005. Acute
toxicity bioassays of mercuric chloride and malathion on air-breathing fish,
Channa punctatus. Ecotoxicol. Environ. Saf. 61, 114–120.
Patnaik, L., Patra, A.K., 2006. Haematopoietic alterations induced by Carbaryl in
Clarias batracus (Linn). J. Appl. Sci. Environ. 10 (3), 5–7.
Rinta-Kanto, J.M., Wilhelm, S.W., 2006. Diversity of microcystin-producing
cyanobacteria in spatially isolated regions of Lake Erie. Appl. Environ.
Microbiol. 72 (7), 5083–5085.
Rogers, J.T., Richards, J.G., Wood, C.M., 2003. Ion regulatory disruption as the acute
toxic mechanism for lead in the rainbow trout. Aquat. Toxicol. 2, 215–234.
Rose, K.A., Cowan, J.H., Houde, E.D., Coutant, C.C., 1993. Individual based modeling
of environmental quality effects on early life stages of fishes: a case study using
striped bass. Am. Fish. Soc. Symp. 14, 125–145.
Schmitt, C.J., Blazer, V.S., Dethloff, G.M., Tillitt, D.E., Gross, T.S., Bryant Jr., W.L.,
DeWeese, L.R., Smith, S.B., Goede, R.W., Bartish, T.M., Kubiak, T.J., 1999.
Biomonitoring of environmental status and trends (BEST) program: Field
procedures for assessing the exposure of fish to environmental contaminants.
Information and Technology Report USGS/BRD-1999- 0007. U.S. Geological
Survey, Biological Resources Division, Columbia pp 68.
Singh, D., Nath, K., Trivedi, S.P., Sharma, Y.K., 2008. Impact of copper on
hematological profile of freshwater fish, Channa punctatus. J. Environ. Biol.,
Lucknov 29, 253–257.
Snieszko, S.F., 1960. Microhaematocrit as a tool in fishery research and
management. U.S. Wildl. Serv. Sci. Rep. Fish. 314, 15–23.
Stewart, I., Seawright, A.A., Shaw, G.R., 2008. Cyanobacterial poisoning in livestock,
wild mammals and birds – an overview. In: Hudnell, H.K. (Ed.), Cyanobacterial
Harmful Algal Blooms State of the Science and Research Needs. Springer.
198 P.O. Isibor / Beni-Suef Univ. J. Basic Appl. Sci. 6 (2017) 192–198Swift, D.J., 1978. Some effects of exposing rainbow trout (Salmo gairdneri
Richardson) to phenol solution. J. Fish Biol. 13 (1), 7–17.
Vasait, J.D., Patil, V.T., 2005. The toxic evaluation of stress induced by pesticides in
Mystus vittatus of organophosphorous insecticide monocrotophos
haematological parameters. Indian J. Environ. Health Edible Fish Species
Nemacheilus botia. Ecol. 24 (1), 58–64.
Vosyliene, M.Z., 1996. The effect of long-term exposure to copper on physiological
parameters of rainbow trout Oncorhynchus mykiss. Ekologija 1, 3–6.
Wiegand, C., Pflugmacher, S., 2005. Ecotoxicological effects of selected cyanobacterial
secondary metabolites: a short review. Toxicol. Appl. Pharmacol. 203 (3),
201–218.Witeska, M., 2003. The effects of metals (Pb, Cu, Cd, and Zn) on hematological
parameters and blood cell morphology of common carp. Wydawnictwo
Akademii Podlaskiej Siedlce, In Polish. Rozprawa naukowa nr 72.
Xie, L.Q., Xie, P., Guo, L.G., Li, L., Miyabara, Y., Park, H.D., 2005. Organ distribution
and bioaccumulation of microcystins in freshwater fish at different trophic
levels from the eutrophic Lake Chaohu. China. Environ. Toxicol. 20 (3),
293–300.
